Purpose: To examine associations between personal nutritional patterns and various indicators of health, disease risk, and chronic illness in a diverse, representative sample of adult patients from primary care settings.
Overweight and obesity are major causes of morbidity and mortality in the United States.
1,2 Annual deaths due to overweight and obesity are estimated to be between 112,000 and 414,000. [3] [4] The National Health and Nutrition Examination Survey (1999 -2000) indicated that nearly two thirds of US adults are overweight (body mass index [BMI] Ն25) and nearly one third are obese (BMI Ն30). The prevalence of overweight and obesity in minorities, especially minority women, is generally higher than that of whites in the United States. 5, 6 Excess weight is an important risk factor for chronic illness, including type 2 diabetes. Nearly 70% to 80% of type 2 diabetic patients are either overweight or obese. 7, 8 The prevalence and incidence of both obesity and diabetes have steadily increased in the United States in both genders, all ages, all educational levels, and all smoking levels over the past several years. 9 Diabetes prevalence varies by ethnic group; diabetes prevalence in whites is 8.7%, whereas Hispanics, African Americans, and American Indians have prevalences that are 1.7, 1.8, and 2.2 times greater, respectively. 2 Data from 2005 estimated the prevalence of diabetes in the United States to be 20.8 million people, or 7.0% of the population. 2 An additional 20 mil-lion have prediabetes, a strong risk factor for developing diabetes later in life. 7 The cost of diabetes in the United States is enormous; direct and indirect costs were estimated at $132 billion in 2002. 2 Extensive risks are associated with long-term type 2 diabetes, especially with prolonged diagnosis. For instance, by the time many patients are diagnosed, vascular damage has already occurred. Therefore, preventing the disease or delaying its onset provide the best approaches to reducing diabetes complications. 10 Diet can influence the development of type 2 diabetes; recent epidemiologic studies have shown that a low-fiber diet, high trans-fatty acid intake, low unsaturated-to-saturated fat intake ratio, and the absence of or excess alcohol consumption to be associated with an increased risk of type 2 diabetes. 11 Lifestyle interventions have been successful in addressing type 2 diabetes. For example, the Diabetes Prevention Program demonstrated that the 2-year incidence of diabetes in high-risk persons could be decreased 58% by adherence to a lifestyle intervention which included a diet based on the Food Guide Pyramid and regular, moderate physical activity. 12 Primary care settings have great potential as sites for lifestyle-related chronic disease prevention and management. [13] [14] [15] Developing successful assessment methods and management approaches to address nutrition-related disease in these settings is, therefore, a high priority. 16 To develop such interventions, primary care physicians need to understand the factors that influence the dietary habits of their patients and how these factors vary across patient populations. This study used an established diet screening instrument to assess the habits of a diverse sample of 1788 primary care patients and factors associated with them.
Methods
This project was conducted under the auspices of the North Carolina Family Medicine Research Network (NC-FM-RN), a statewide network of 24 family practices. 17 As part of a broader survey of patients from 4 newly recruited network practices, a 7-item nutrition habit screen designed for use in primary care settings by AA and colleagues was used to assess the diet of a representative sample of adult patients from these practices. The instrument's items, adapted from a longer, validated instrument, inquire about fast food, sugar-containing beverages, high-fat snacks, desserts or sweets, fat, fruits and vegetables, and protein; all items are scored on a 3-point scale with 0 representing the most healthy behavior and 2 representing the least healthy behavior. 16, 18, 19 Using these items, a total nutrition score was generated by summing the scores from the 7 items, yielding a scale with a possible range between 0 (best dietary habits) to 14 (poorest dietary habits). If 1 or 2 of the 7 items are missing, the case-wise average of the nonmissing items is imputed so that the total score maintains the same range; if more than 2 items are missing, the summary score is not computed. The 7-question screen has been validated by comparing it to the Dietary Risk Assessment, a widely used food frequency questionnaire, 19, 20 in 68 communitydwelling adults; the Pearson correlation coefficient between the 2 instruments was r ϭ 0.67 (P Ͻ .0001), indicating that the measures were highly correlated. 21 The study's data collection questionnaire also included information on the respondents' demographic status, BMI, medical history (including diagnoses such as diabetes and hypertension), smoking status, physical activity, and alcohol intake. In addition, persons at high risk for diabetes were identified using the American Diabetes Association (ADA) Diabetes Risk Screen. 22, 23 The project was approved by the Institutional Review Board of the School of Medicine of the University of North Carolina at Chapel Hill.
We administered the questionnaire to 1788 consecutive adult patients who presented for a visit to a medical provider (physician, nurse practitioner, or physician assistant) in 4 family practice offices in North Carolina. Three were private practices in small-or medium-sized towns, and the fourth was a rural community health center; the 4 practices were chosen because their joint patient populations represented a diversity of racial and ethnic groups. As described previously, 17 the network surveyed patients in a practice by placing 1 or 2 trained research assistants in the waiting rooms of each practice for 20 days. Research assistants approached eligible people about participation in the survey, obtained written consent, assisted with survey completion, and gathered completed surveys. Eligibility criteria included a minimum age of 18 years, an appointment on the day of recruitment, absence of acute distress, and ability to compre-hend the consent form. Both English and Spanish versions of the consent form and questionnaire were available, and bilingual research assistants were placed in practices with high numbers of Hispanic patients. The overall recruitment rate was 74.8% of eligible patients. These analyses report on the 1714 people (95.9% of respondents) for whom responses were provided to the majority of the nutrition items.
BMI was calculated as reported weight in kilograms divided by the square of the reported height in meters. Nutrition scores for each respondent were calculated as noted previously. A high-quality diet was defined as one rich in protein, fruits, and vegetables and low in saturated fats, sweets, and fast foods. [17] [18] [19] Respondents were defined as at "high risk" for diabetes if they scored 10 or higher on the ADA Diabetes Risk Screen and did not report a diagnosis of diabetes.
All descriptive and hypothesis-testing analyses were completed using SAS software. 24 Simple descriptive statistics were used to describe the sample and the distribution of each item in the nutritional habit score. To evaluate the internal consistency of the nutritional habit score, interitems correlations, item-total correlations, and Cronbach ␣ were computed. We also evaluated the distribution of the nutritional habit score for normality by visual inspection of the frequency distribution and Q-Q plots. These assessments indicated that the assumption of a normal distribution was valid, justifying the use of parametric statistical methods. To compare the mean nutritional habit scores across selected patient characteristics, we used analysis of variance, first adjusting only for clinic location. To identify characteristics independently associated with the nutritional habit score, we then estimated a multiple linear regression model, including all characteristics from the bivariate analyses with the exception of BMI. BMI was dropped because it had no association with the nutritional habit score in the bivariate (or multivariable) analyses, and it had a substantial amount of missing data (11.4%). To examine the association between race/ethnicity and each nutritional habit item, binary logistic regression models were estimated for selected items (dichotomized as 3 or more servings vs 0 -2 within the specified interval), adjusting for practice location, age, gender, smoking status, alcohol consumption, physical activity, BMI, and self-reported health status. We similarly tested the difference between diabetics and nondiabetics at high risk for the disease with respect to the nutritional habit items, using logistic regression, and adjusting for practice location, age, gender, race/ethnicity, smoking status, alcohol consumption, and physical activity. Table 1 displays the distribution of selected demographic and health status variables in the study sample. Respondents were racially and ethnically diverse, including 275 African Americans (16.8%), 982 non-Hispanic whites (60.1%), 242 Hispanics (14.8%), and 124 American Indians (7.6%); the mean age was 47.4 years. The mean BMI was 29.6, indicating that the average respondent was overweight and nearly obese. Nearly one half (41.6%) reported having high blood pressure; one third (32.4%) reported depression; and 17.5% reported having diabetes. Application of the ADA Diabetes Risk Screen indicated that an additional 40% were at high risk for developing diabetes.
Results
Scores on the nutrition screening questionnaire are displayed in Table 2 . Nearly one third of respondents reported eating fast food meals at least 3 times a week. Sweet drinks were consumed 3 or more times daily, and desserts were consumed 3 or more times a week by 29% and 38% of respondents, respectively. Fewer than one-third of respondents reported eating 3 or more servings of fruits and vegetables daily, and nearly one half reported fewer than 3 high-protein meals per week. The average overall nutritional habit score was 6.01 (SD ϭ 2.73).
When nutrition scores were examined by race/ ethnicity, Hispanics had significantly better overall scores because of lower intake of fast foods, sugared drinks, desserts, and high-fat snacks than other groups. African Americans reported the highest consumption of high-fat snacks; American Indians the highest consumption of sugared drinks and desserts and the lowest consumption of protein; and non-Hispanic whites the highest consumption of fast-food meals and desserts. Tables 3 and 4 and Figure 1 display these results.
When nutrition score was examined by health status in bivariate comparisons (Table 3) , males, younger respondents, smokers, and alcoholic beverage drinkers had significantly higher mean nutrition scores, and therefore poorer quality diets, compared with their female, older, nonsmoking, nondrinking counterparts. Reported levels of physical activity, self-reported health, and BMI were not significantly associated with nutrition score. Multiple linear regression confirmed these results ( Table 4 ), except that in these analyses the relationship between alcohol intake and nutrition score was reduced to borderline statistical significance (P ϭ .106), and physical activity had a stronger although still not statistically significant (P ϭ .097) association with better nutritional habits. Both high-and low-risk nondiabetics had poorer nutritional scores than diabetics (Table 3) . When nondiabetics at high risk of developing diabetes were compared with diagnosed diabetics, their poorer nutrition scores were seen to be largely due to higher rates of intake of sugared drinks and desserts and lower rates of consumption of fruits and vegetables (Figure 2) .
Discussion
Nutrition has a major and well-documented impact on health and chronic illnesses. Healthy eating habits such as consumption of fruits and vegetables, [25] [26] [27] [28] lean protein sources, adequate fiber, 29 and foods with a low glycemic index and saturated fat content have been implicated in weight loss, in improved prevention and survivorship after chronic illness, and in promoting healthy blood cholesterol, blood pressure, 30 blood lipids, 31, 32 and glycemic control. 12, 33 Likewise, unhealthy dietary behaviors have been associated with numerous negative * The sample N includes all those who answered at least 5 of the 7 nutritional habit questions. The sample size for individual items varies from 1642 to 1708 because of missing data. † Scored as the sum of the 7 items, each 0 to 2, with higher scores reflecting poorer nutritional habits. If 2 or fewer items were missing, values for missing items were imputed as the mean of the nonmissing items. Cronbach's ␣ for the score is 0.558, and item total correlation range from 0.069 (lean protein consumption) to 0.407 (high-fat snack consumption). The median value is 6, and the most common (modal) value is 7.0, indicating very little skew. Visual inspection of the distribution and Q-Q plot indicate that the assumption of a normal distribution (and the application of parametric statistical tests) is valid.
health outcomes and chronic diseases, including hypertension, insulin resistance and type 2 diabetes, obesity, cardiovascular disease, osteoporosis, and several cancers. Persons with chronic illness and risk factors for chronic disease tend to be concentrated in the everyday office practices of family physicians and other primary care specialists. 17 The study respondents described in this paper, a random sample of adults from 4 family practice settings in North Carolina that serve a wide range of ethnic and racial groups, had high levels of disease risk and chronic disease. Forty percent engaged in no regular physical activity; 24% were current smokers; 18% had diabetes; 42% had hypertension; and 13% had a history of heart disease. Of particular note is the high prevalence of obesity in these people (41%) and the fact that more than a third (40%) scored "high risk" on the ADA Diabetes Risk Screen. 20, 21 Obesity has been strongly linked with the likelihood of developing diabetes and other chronic illnesses, 7, 8 and these 2 patient groups might particularly benefit from interventions aimed at preventing the development and complications of lifestyle-related chronic illness.
The results of this study suggest several ways in which nutritional interventions may target subgroups of primary care patients. As is shown in Tables 3 and 4 , younger age and better self-reported health are associated with poorer nutrition scores. Although this does not suggest that the lifestyle habits of patients with existing chronic illness can be ignored by primary care providers, it seems that patients at known risk for chronic illness, such as persons with prediabetes, may be particularly appropriate targets for nutrition-related screening and services.
We were not surprised to find that the reported nutritional habits of known diabetics were better than those of prediabetics (Figure 2 ). Of course, it is possible that people with the disease reported healthier habits because they know the "right answers"; however, a more likely explanation is that diabetics, by virtue of the education that is part of health care for that diagnosis, understand the advantages of healthier eating. They have, therefore, made changes to improve their diet in response to the disease state. On the other hand, patients at high risk of developing diabetes, some of whom no doubt already have the (undiagnosed) disease, may not have the same sense of urgency to improve their diet as do known diabetics. Thus, it would seem that intense clinical and public health efforts, if targeted at people who were at high risk of developing disease and disability, might help forestall the development of these diseases and their complications.
As family medicine moves toward identifying practice models that focus more on chronic disease care and prevention, the role of the family medicine office in promoting nutritional health, physical activity, and other healthy habits may well increase. In this context, identification and management of high-risk patients may become an increasingly important aspect of primary care. Examples of such target groups might include persons who have prediabetes or people making the transition from adolescence to early adulthood. 34, 35 The benefits of primary prevention, including maintaining an optimum body weight, eating a healthy diet, exercising, and not smoking, in prevention of chronic illness have been known for many years. With the increased time and financial constraints in today's primary care practice, one of the challenges is choosing which populations to target to maximize the impact of efforts aimed at reducing chronic disease risk. These data suggest that the primary care office may be an ideal setting to carry out this case identification and, perhaps, also the subsequent efforts at risk reduction. Thus, screening for chronic disease risk, coupled with a short screen for nutritional habits, initial counseling, and links with existing community resources may be worth testing.
Of particular importance is the translation of intensive interventions like the Diabetes Prevention Program into more practical approaches that can be feasibly implemented in a practice setting. 12 Currently, a series of primary care-based studies are exploring this question, under funding from the Robert Wood Johnson Foundation Prescription for Health initiative. 36 By building on the increased knowledge about behavior change that has developed in the community and public health areas over recent decades, they will hopefully provide new insights into feasible methods by which primary care practices can help prevent nutrition-related chronic illness. 
